This study investigated effects of downhill (DR) HR; average across all sessions), while velocity was significantly higher for DRG (14.5 ± 1.1 vs 12.0 ± 1.9 km·h -1 ). After the training, DRG significantly improved knee extension torque at all angular velocities (9−24%) and change-of-direction time for both tests (2−3%), with no changes in other parameters. LRG significantly improved V O 2max (5%), energy cost at LT (3%), and velocity at V O 2max (7%), without changes in others. These results suggest that DR training has a greater potential to improve the knee extension strength and change-of-direction ability, but has little effect on the aerobic capacity, compared to HR-matched LR training.
Introduction
In almost all types of sports, muscles contract both concentrically and eccentrically, where force is produced while a muscle-tendon complex is shortened and lengthened, respectively (Vogt and Hoppeler 2014) . Concentric contractions provide positive work thereby moving the body toward an intended direction (Lindstedt et al. 2001) , so concentric strength is indeed important for success in various sports (Cormie et al. 2011) . Eccentric contractions provide negative work thereby absorbing mechanical energy (Lindstedt et al. 2001) . Thus, eccentric strength is crucial when one needs to rapidly decelerate movements (Brughelli et al. 2008) ,
where the absorbed energy is dissipated as heat (Lindstedt et al. 2001) , or to perform a rapid change-of-direction (COD) or jump, where the absorbed energy is temporarily stored and then utilized in subsequent movements (Aagaard 2011) . Indeed, the successive combination of eccentric and concentric contractions leads to better muscle performances than a concentric-only contraction, which is termed the stretch-shortening cycle (SSC) (Cormie et al. 2011; Vogt and Hoppeler 2014) . Therefore, it is generally agreed that enhancing eccentric strength is highly beneficial for improving sports performances (Aagaard 2011; Vogt and Hoppeler 2014; Douglas et al. 2017) .
Previous studies have shown that eccentric strength and/or jump performances are specifically improved by eccentric exercise training (Guilhem et al. 2010; Vogt and Hoppeler 2014; Douglas et al. 2017) . Thus, various types of eccentric exercises have been increasingly implemented in athletic training programs (Guilhem et al. 2010; Vogt and Hoppeler 2014; Douglas et al. 2017) . It is known that leg muscles, especially the knee extensors, predominantly perform eccentric contractions during downhill walking or downhill running (DR) to absorb shocks at each landing phase (Lindstedt et al. 2001) . Several studies (Gault and Willems 2013; Rodio and Fattorini 2014; Maeo et al. 2016 ) have demonstrated that downhill, but not level or uphill (Rodio and Fattorini 2014) , walking training can improve D r a f t 4 knee extension strength, including eccentric strength (Maeo et al. 2016) . Cook et al. (2013) reported that DR training combined with other eccentric exercises was more effective than traditional resistance training in improving jump height; however, the training effect of DR itself is unclear since their intervention also included other eccentric exercises (Cook et al. 2013 ). Moreover, effects of DR training on other important sports performance-related parameters including, but not limited to, COD ability have never been examined. It is reported that the number of COD performed by a player during a single soccer match exceeded 700 times (Bloomfield et al. 2007) , and that the COD ability was the most important factor for distinguishing between elite and sub-elite soccer players (Reilly et al. 2000) . Considering the training effects of eccentric exercises (Guilhem et al. 2010; Vogt and Hoppeler 2014; Douglas et al. 2017) including downhill walking (Gault and Willems 2013; Rodio and Fattorini 2014; Maeo et al. 2016) , together with the muscle action pattern during DR (i.e. rapid eccentric contractions), it is expected that DR training can improve knee extension strength and possibly jump and COD ability.
In addition to the abovementioned parameters, aerobic capacity is also of paramount importance for success in a wide range of sports (Helgerud et al. 2001 ). Not surprisingly, previous studies have well reported improvements in the aerobic capacity such as maximal oxygen uptake (V O 2max ) and running economy at a given speed (e.g. the one associated with the lactate threshold [LT]) after endurance level running (LR) training (Garber et al. 2011) .
According to the American College of Sports Medicine position stand (Garber et al. 2011) , the minimum training intensity range for improving the aerobic capacity is 64−76% of maximal heart rate (HR max ) or 46−63% of V O 2max for untrained healthy individuals, whereas higher intensities are needed for trained athletes. For instance, HR associated with LT (HR LT ) is often used in endurance training (Mujika 2012) , which is approximately 70−85%HR max (Mujika 2012 The purpose of this study was therefore to examine the effects of DR versus LR training on various sports performance-related leg muscle performances including strength, power, jump height, and COD ability, as well as aerobic capacity. We hypothesized that DR and LR training at HR LT would result in greater improvements in the leg muscle performances for DR than LR training and similar improvements in the aerobic capacity.
Since running is the most ubiquitous movement pattern in sports, understanding the effects of DR versus LR training may facilitate more effective training guidance and prescription.
Materials and Methods

Participants
This study was approved by the Ethics Committee of the National Institute of Fitness and Sports in Kanoya and was consistent with institutional ethical requirements for human experimentation in accordance with the Declaration of Helsinki. Prior to any assessments, the participants visited the laboratory and were fully informed about the procedures and possible risks involved as well as the purpose of the study, and written informed consent was obtained.
A total of eighteen young males were recruited and allocated to either a DR (DRG: n = 10) or LR (LRG: n = 8) group by matching (P > 0.05) the baseline mean (± SD) age (22. 
Training program
Training was conducted on a motorized treadmill (Quasar, h/p/cosmos, Germany) with either -10% slope (DRG) or without slope (LRG) 3 sessions·week -1 for 5 weeks. The reason for choosing the -10% slope for DRG is based on a recent review (Vernillo et al. 2017 ) that the energy cost of running is lowest (i.e. most economical) and plateaus between -10 and -20%, suggesting that this range is the optimal (representative) slope for DR training. Also, since a steeper slope may increase the risk of injuries including muscle damage (Maeo et al. 2017) ,
we considered that -10% was practically appropriate as a first step to investigate the DR training effects. Furthermore, to minimize potential detrimental effect of muscle damage, which is often induced by unaccustomed DR (Eston et al. 1995; Maeo et al. 2017) , exercise duration at the initial three sessions was gradually increased from 5 to 10 and then 15 min.
For the subsequent sessions, the training was conducted for 20 min. Participants were instructed to report if they had any pain or soreness that may affect training, in which case they were asked to rest (avoid training). However, this never occurred and all participants completed all training sessions. During the training, HR was continuously recorded (RC3 GPS, Polar, Finland), and participants ran at their HR LT . More specifically, the target HR was set for each participant as the HR at which LT occurred in the pre-training assessment (detailed below), and the running velocity was adjusted to achieve the target HR throughout the sessions. In our pilot study, 6 healthy young males (26.2 ± 2.5 years), who were D r a f t 7 comparable to the participants in DRG and LRG in terms of physical characteristics and V O 2max (1.69 ± 0.05 m, 67.8 ± 6.4 kg, 52.8 ± 3.6 ml·kg -1 ·min -1 , all P > 0.05), performed incremental tests in both DR (-10%) and LR conditions. The tests were conducted on separate days with a randomized order, during which HR, blood lactate, and V O 2 were recorded while running velocity was gradually increased until exhaustion for LR (detailed below in the aerobic capacity section) and near-exhaustion for DR. The reason why the participants did not reach exhaustion in the DR condition was that we ended the test when they had reached near-exhaustion in order to avoid overspeed-induced accidents (e.g. tumbling) and injuries possibly induced by high mechanical stress during DR (Maeo et al. 2017) . At LT for each condition, while velocity was significantly (P = 0.001) higher for DR (14.9 ± 0.6 km·h -1 ) than LR (11.7 ± 1.0 km·h 
Pre-and post-training assessments
Before and after the interventions, participants were tested for various sports performance-related parameters, which were categorized into three as follows: 1) strength, power, and jump performance, 2) linear sprint and COD ability, and 3) aerobic capacity.
These three categories were tested on different days, with at least 1 day apart, in each of the pre-and post-training assessments. The orders of the three categories were randomized, but were kept the same within each category. The pre-and post-training assessments were conducted within 7 days before and after the first and last training sessions, respectively.
Each category consisted of the following parameters: 1) knee extension torque, leg extension power, and jump (squat, counter-movement, and rebound jumps) performance, 2) 20-m linear sprint, Pro-agility, and V-cut tests time, and 3) V O 2max , energy cost at LT, and velocity at V O 2max and LT. All assessments were conducted in the same indoor laboratory and gymnasium, and each assessment was conducted as follows.
Strength, power, and jump performance
Torque during knee extension with maximal eccentric, isometric, and concentric contractions was measured using an isokinetic dynamometer (Biodex system 2, Biodex Medical Systems, USA) (Maeo et al. 2016) . Participants sat in an adjustable chair with support for the back and hips, with the hip joint kept at ~80° (anatomical position = 0°). The rotation axis of the knee was aligned with that of the dynamometer. The knee extension/flexion attachment on the dynamometer was set so that the range of motion of the knee joint was from 0 to 90°.
Isometric torque was measured at 70° of the knee joint. During the assessments, the torso, hips, and thighs were held tightly in the seat using adjustable lap belts to prevent extraneous movement. After sufficient warm-up and familiarization consisting of 3−5 submaximal to near-maximal contractions (~50−90% effort) for each type of muscle actions, the participants performed maximal eccentric (-150 and -30°·s -1 ), isometric (0°·s -1 ), and concentric (30 and 150°·s -1 ) contractions of knee extensors twice at each of the prescribed angular velocities, with the orders of contraction conditions and velocities randomized. Additional trials were performed if the difference in the peak torques of the two trials in each angular velocity was more than 10%. A rest period of more than 3 min was taken between trials. In each angular velocity, the highest value of the peak torque was selected for analysis.
Maximal leg extension power was measured using an isokinetic leg extension dynamometer (Kick-Force, Takei, Japan) (Usui et al. 2016) . Participants sat on the seat with D r a f t support for the back, and the torso was held tightly in the seat. From the hip-and knee-flexed position both at 90°, participants performed leg extensions (i.e. simultaneous knee and hip extension) of both legs at a velocity of 0.8 m·s -1
. After warm-up and practice of 3−5 trials with submaximal to near-maximal effort, trials with maximal effort were performed 5 times with an interval of at least 10 s, and the highest value was adopted.
Squat, counter-movement, and rebound jump height was measured by using a mat switch platform system (Multi Jump Tester, DKH, Japan) (Usui et al. 2016) . In this system, the jump height was calculated based on the participant's flight time. From a standing position on the mat (66 × 100 cm), participants were instructed to perform jumps as high as possible and to land on the mat, while keeping their hands on both sides of the waist during the tasks. In the squat jump test, participants were in a squat position with the knee joints flexed at 90°, and jumped without a counter-movement. Trials with a detectable counter-movement were discarded. In the counter-movement jump test, participants jumped from a standing position using a counter-movement without restriction on joint angles. After practice of 3−5 trials with submaximal to near-maximal effort, the participants completed 2 maximal trials for each of these jump tests with a rest interval of at least 30 s between the trials. The highest height for the 2 trials for each test was used for analysis. In the rebound jump test, participants were instructed to jump as high as possible with minimum contact time 6 times in a row. After practice of 3−5 trials with submaximal to near-maximal effort, 2 maximal trials (6 jumps × 2 trials) were conducted with at least 1-min rest, and the rebound jump index was calculated as the ratio of jump height·contact time -1 for each jump. The highest index was adopted for analysis (Imai et al. 2016) . (Helgerud et al. 2001; Storen et al. 2008; Folland et al. 2017) ].
Linear sprint and COD ability
D r a f t
Before the multi-stage test, the participants conducted warm-up consisting of stretching and jogging for 10 min in total, and they completed 5−7 stages in the test. Following the multi-stage test and a rest period of 10 min, the incremental test was conducted. The starting velocity in the incremental test was the same as the one used in the second last stage in the multi-stage test for each participant. The velocity was subsequently increased by 0.6 km·h -1
(10 m·min -1 ) every 1 min until volitional exhaustion [adapted from (Folland et al. 2017; Sumi et al. 2017) ], which was defined as the point when the participant could no longer run at the required velocity. HR was continuously recorded (RC3 GPS, Polar, Finland) during both tests.
V O 2 was measured using the Douglas bag method with a dry-gas meter (NDS-2A-T, Shinagawa CORP, Japan) and gas analyzer (VmaxS 29C, Sensor-medics, USA), which was calibrated before each test using reference gases of known concentrations. Expired gas was an increase in a treadmill velocity, 2) maximal respiratory exchange ratio ≥ 1.1, 3) HR ≥ 90% of the age predicted HR max (220 -age), and 4) blood lactate ≥ 8 mmol·L -1 (Howley et al. 1995 ). Blood sample was collected (Lactate Pro2 LT -1730, Arkray, Japan) immediately after each stage in the multi-stage test and 1 and 3 min after the completion of the incremental test.
LT was calculated using software (MEQNET LT Manager, Arkray, Japan), defined as the intersection of two linear lines in plot of lactate versus running velocity where the residual sum of squares for both lines added together was minimized. The energy cost was calculated from respiratory exchange ratio data and updated non-protein respiratory quotient equations (Peronnet and Massicotte 1991 0.20-0.49, and trivial: < 0.20 (Faul et al. 2007 ).
Results
HR, running velocity, and RPE during training
No significant main effect of group (P = 0.468) or interaction (P = 0.229) was found in HR ( Figure 2a ). The average HRs across all sessions were 77.7 ± 4.6 for DRG and 76.4 ± 4.6%HR max for LRG. D r a f t 13 A significant interaction (P < 0.001) was found in the running velocity (Figure 2b ), which was always higher for DRG than LRG at all sessions (14.5 ± 1.1 vs 12.0 ± 1.9 km/h; average across all sessions, d = 1.56).
RPE for breathlessness measures was not different between the groups at all sessions except for the 4th, which was higher for DRG than LRG (P = 0.018, d = 1.17, Figure 2c ).
RPE for leg fatigue measures was significantly higher for DRG than LRG at the sessions from 2nd to 8th (P = 0.002−0.015, d = 1.53−2.17, Figure 2d ).
Pre-and post-training assessments
No significant baseline differences were found between the groups in any of the variables (P ≥ 0.21). All, except for one, participants completed all assessments. One participant in DRG could not complete the post-training aerobic capacity test due to pain in the ankle joint which occurred during the post-test. Consequently, the number of the participants in DRG in the following section is 9 for the aerobic capacity-related variables and 10 for the others.
Strength, power, and jump performance
Knee extension torque for DRG had significant main effects of time (P = 0.007) and angular velocity (P < 0.001) without their interaction (P = 0.201, Figure 3 
Linear sprint and COD ability
No significant changes were found in the 20-m linear sprint time in DRG (pre vs post: 3.13 ± 0.16 vs 3.12 ± 0.14 s, P = 0.696) and LRG (3.12 ± 0.05 vs 3.13 ± 0.09 s, P = 0.717).
Significant improvements were found in DRG in both of the Pro-agility (3%, P = 
Aerobic capacity
No significant changes were found in any of the variables in DRG (P > 0.05, Figure 5 and 6). Figure   6a ), but not velocity at LT (P = 0.080, Figure 6b ).
Discussion
The main findings obtained here were that after the HR-matched DR and LR training, 1) only DR training improved knee extension strength and COD ability, and 2) only LR training improved aerobic capacity. These partly supported our hypotheses. Collectively, the results suggest that DR training has a greater potential to improve knee extension strength and COD ability, but its effect on the aerobic capacity is little, compared to HR-matched LR training.
Throughout all training sessions, HR during running did not differ between the groups D r a f t 15 ( Figure 2a ). This is not surprising since we intentionally matched it and manipulated the running velocity according to the target HR values. As a consequence, the running velocity was always higher for DRG than LRG (Figure 2b ), which well agrees with that reviewed somewhere else (Vernillo et al. 2017) . Aligning with these, at least in part, RPE for breathlessness was similar between the groups at all sessions except for the 4th (Figure 2c) , and RPE for leg fatigue measures was greater at several (from the 2nd to 8th) sessions for DRG than LRG (Figure 2d ). Taken together with a similar V O 2 between the DR and LR conditions as observed in our pilot study (discussed later), these results suggest that the training stimuli on the cardiovascular system were similar between the groups and those to the leg muscles were greater for DRG than LRG.
Knee extension torque in all contraction conditions significantly improved in DRG only ( Figure 3 ). This is in line with previous studies that showed significant improvements in knee extension strength after downhill ( On the other hand, no changes were observed in other variables including jump performances in DRG. This somewhat contradicts with our hypothesis and previous reports (Vogt and Hoppeler 2014; Douglas et al. 2017 ) that eccentric training is effective in improving jump performances. It should be borne in mind that a training-induced performance improvement tends to be most clearly observed in tasks similar to the training task, and this is called "the training-or task-specificity" (Sale 1988; Usui et al. 2016) . Given that DR and COD tasks both involve "running" and "braking muscle actions", it is likely that the training effect conferred by DR was transferred to the COD ability, but not to the jump and other performances, owing to the similarity between the tasks. At the same time, this highlights that a training task should closely mimic the demands of the athletic tasks depending on a primary training goal. Without considering such aspect, incorporating an eccentric exercise itself in a training program could be meaningless. These findings may have application for optimizing training prescription for a variety of sports based on a specific training goal.
The aerobic capacity significantly improved in LRG only. This improvement in LRG is D r a f t reasonable considering that the training intensity in this study (~77%HR max ) was above the suggested minimum intensity for untrained individuals (64−76%HR max ) (Garber et al. 2011) .
On the other hand, it is unknown why DRG could not improve aerobic capacity. We observed an equivalent V O 2 at HR LT between the DR and LR conditions in our pilot study, as well as similar RPE for breathlessness measures throughout the training sessions (Figure 2c ), suggesting equivalent training stimuli on the cardiovascular system between both groups in this study. While difficult to explain, a recent study (Schlagowski et al. 2016) showed that mitochondrial function in rat leg muscles was improved by uphill running (UR) training, but not by DR training, performed at the same V O 2 , at least partly aligning with our result. As the previous study suggested (Schlagowski et al. 2016) , it is possible that muscle damage induced by DR may have delayed and/or offset the mitochondrial adaptations to the training.
However, it seems unlikely to be the main reason since we gradually increased the exercise duration in the initial training sessions to minimize such damage. Indeed, although a few participants reported mild muscle soreness after the first session, no participant complained about soreness thereafter throughout the intervention. Nevertheless, assessments of objective muscle damage indices (e.g. plasma creatine kinase activities) at least at pre-and post-tests would provide more concrete evidence regarding this issue, thus should be included in future studies.
Another possibility for the lack of improvement in the aerobic capacity of DRG may be due to biomechanical differences between DR and LR. It is known that joint kinematics and kinetics, as well as SSC utilization, differ between DR and LR (Vernillo et al. 2017) , and a recent study (Folland et al. 2017) We did not set an UR training group, so its effects on the variables measured in this study are unknown. However, it is reported that UR or LR training both resulted in 1) no changes in the knee extension strength (Ferley et al. 2014 ), but 2) significant improvements in the aerobic capacity tested under the level condition, with a greater degree after the LR than UR training (Ferley et al. 2013) . These and present findings collaboratively suggest that muscle strength and related performances (e.g. COD ability) can be specifically improved by DR training, whereas the aerobic capacity during LR can be most effectively improved by LR training. To substantiate these issues, it is necessary to directly compare the training effect of UR, DR, and LR using the same test setting. Furthermore, in a practical point of view, it is of great importance to explore whether a combination of these training can simultaneously improve muscular and aerobic performances. Further research is needed to clarify these.
In conclusion, this study for the first time revealed that heart rate-matched downhill versus level running training resulted in distinct performance improvements. Downhill, but not level, running training was effective in improving knee extension strength and change-of-direction ability, while both failed to enhance leg extension power, jump performance, and linear sprint time. On the other hand, only level running training improved the aerobic capacity. These results suggest that downhill running training has a greater potential to improve knee extension strength and change-of-direction ability, but its effect on 
